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Abstract 

Background: Previous studies, in late 20th century, suggest an increase in tlie prevalence of neck pain and low 
back pain among children and adolescents, when neck and low back pain were studied separately. This study 
investigated time trends in adolescent spinal pain between 1991 and 201 1 by classifying pain into the following 
three classes: neck pain alone, low back pain alone, and concomitant neck and low back pain. 

Methods: Representative samples of 12 to 18-year-old Finns were sent a questionnaire in 1991, 1999, 2001, 2003, 
2005, 2007, 2009 and 201 1 . Information was gathered about the frequency of neck and low back pain with a six-month 
recall period. Statistical methods used included descriptive analysis, and generalized linear models. 

Results: The total number of respondents in these eight comparable cross-sectional surveys was 51 044 with a response 
proportion of 64%. The prevalence of concomitant neck and low back pain showed a steady increase from 1991 to 
2009/201 1; the prevalence almost quadrupled among 12-14-year-olds girls (from 2% to 7.5%), and more than 
doubled among 12-14-year-old boys (from 1.6% to 3.8%), and among 16-18-year old boys (from 4.2 to 9.9%) and 
girls (6.9% to 15.9%). The prevalence of neck pain alone only increased in the 1990s (e.g. among 16-18-year-old 
girls 22.9% in 1991 , 29.2% in 1999, and 29.5% in 201 1), while the prevalence of low back pain alone remained relatively 
constant during the last two decades (e.g. among 16-18-year-old girls 4% in 1991, 3.1% in 1999, and 3.7% in 201 1). 

Conclusions: Concomitant neck and low back pain has constantly increased in the last two decades among 
adolescents, while single neck pain has only increased in the 1990s. Single low back pain has remained relatively 
constant Thus, earlier detected increase in low back pain in the 1990s was explained by the increase in concomitant 
neck and low back pain. Differences in the time trends in the three pain conditions might suggest, at least partly, 
different risk factors and aetiology for single- and multisite spinal pain among adolescents. This hypothesis needs further 
investigations. 

Keywords: Neck pain. Low back pain. Concomitant neck and low back pain. Spinal pain. Musculoskeletal pain. 
Adolescent, Time trend. Serial cross-sectional design. Prevalence 



Background 

The prevalence of neck pain and, to a lesser extent, low 
back pain among children and adolescents increased in 
the late 20th century [1]. Given the postulated link be- 
tween neck and back pain symptoms in childhood, ado- 
lescence, and adulthood, this might pose a future health 
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challenge [2-5]. Whether this observed trend has contin- 
ued in the new millennium is unknown. 

The past two decades have witnessed changes in envir- 
onmental exposures that could have influenced occurrence 
of neck and low back pain. Such potential changes among 
adolescents included unfavourable shifts in leisure-time ac- 
tivity patterns; decrease in physical activity and tremendous 
increase in the use of information and communication 
technology [6]. Such behavioural changes have been sug- 
gested to be contributing factors to the increased occur- 
rence of neck and low back pain, mainly through an 
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assumed increase in repetitive movements and static 
postures causing localised muscle fatigue and pain [7]. 
Furthermore, a secular increase has been noted in psy- 
chosomatic and stress symptoms, and sleep disturbances 
[8-10]. These changes might suggest a continuing increase 
in neck and low back pain in adolescents. 

In earlier studies, time trends of neck and low back 
pain have been studied separately whereas changes in 
concomitant neck and low pain have not been studied. 
Neurobiological processing of negative emotions and 
pain resemble each other [11], and it has been suggested 
that frequent pain symptoms in childhood and adoles- 
cence should be considered a potential general pain dis- 
order reflecting psychological stress, rather than merely 
a localised body disorder [12,13]. On the other hand, the 
Finnish twin studies among early adolescents showed 
that genetic factors play the most important role in the 
susceptibility to neck pain [14], whereas low back pain and 
widespread pain are related to common and unique envir- 
onmental factors in early adolescence [15,16]. Based on 
this observation and taking into account changes in the 
risk factors it is possible that time trends in concomitant 
and single neck and low back pain differ from each other. 

Altogether, only few studies have investigated adolescents' 
neck pain with other musculoskeletal pain. In a 4-year 
follow-up study of originally pain-free preadolescents, neck 
pain occurred more often with other musculoskeletal pain, 
most often with lower limb or axial pain, than as a single 
pain. [17]. In a cross-sectional study among 14-year-old 
Australians, single neck and low back pain were overall 
more common than concomitant neck and low back pain 
[18]. It is not clear, whether single and concomitant neck 
and low back pain are separate entities, overlap or occur 
consecutively in adolescents. 

This study investigated time trends from 1991 to 2011 
in three types of spinal pain: neck pain alone, low back 
pain alone, and concomitant neck and low back pain 
among 12 to 18-year-old Finns. 

Methods 

Subjects 

The Adolescent Health and Lifestyle Survey is an on- 
going (since 1977) nationwide monitoring system on 
adolescent health and lifestyle in Finland. Data is col- 
lected every second year from 12 to 18-year-old Finns. 
Here we used data from 1991, 1999, 2001, 2003, 2005, 
2007, 2009, and 2011, because only in all those surveys 
neck and low back pain were assessed with separate 
questions. The sampling strategy, and data collection 
methods were similar across the survey years. Samples 
of 12, 14, 16, and 18-year-old Finns (mean age 12.6, 
14.6, 16.6, and 18.6 years) born on certain dates in July 
(in some age groups, dates from June and August were 
used to avoid using the same persons in different years) 



were drawn every survey year from the National Popu- 
lation Registry Centre. A questionnaire, that included 
multiple questions related to health and health behav- 
iours, was sent in February with a return envelope and 
pre-paid postage. In 2009 and 2011, the option of com- 
pleting the questionnaire through the Internet, using a 
personal username and password, was provided. Two add- 
itional attempts were made to contact non-respondents. 

Measurements 

Each survey year the questionnaire had approximately a 
hundred questions. The surveyed areas were health and 
health complaints, use of alcohol and tobacco products, 
physical activity, and sleep behaviour as well as socio- 
economic background, family and school performance. The 
core areas were kept the same over the survey years while 
part of the questionnaire varied including e.g. violence, meal 
patterns, gambling or hopes and worries for the future. 
Each study year, the new questions added to the ques- 
tionnaire were pretested in a sample of schoolchildren. 

Each survey year the questionnaire included the fol- 
lowing two questions about spinal pain: "Have you had 
low back pain during the past 6 months?" and " Have 
you had neck pain during the past 6 months?" In the lat- 
ter question, the Finnish language refers to the anatom- 
ical area including the neck spine, occiput, and other 
structures covered by the upper trapezius muscles. An- 
swer options for both questions were as follows: seldom 
or not at all, about once a month, about once a week, 
and almost daily. Both variables were dichotomised; pain 
frequency categories 'seldom or not at all' and 'about 
once a month' were merged and rephrased as 'no or in- 
frequent pain', and 'about once a week' and 'daily pain' 
were also merged and rephrased as 'at least weekly pain'. 
The latter two phrases were merged mainly because of 
the very small number of respondents with daily symp- 
toms. For analyses, four variables were created: 1. No or 
occasional neck and low back pain 2. Neck pain alone at 
least weekly, 3. Low back pain alone at least weekly, and 
4. Concomitant neck and low back pain at least weekly. 
Test-retest reliability of the questionnaire for detecting 
those reporting pain at least weekly was evaluated earlier 
in a subsample of 14-to 16-year-old adolescents from 
the 2003 cohort with a kappa coefficient of 0.56 for neck 
pain, and a similar coefficient of 0.56 for low back pain [7]. 
Other tests of validation were not performed. Our study 
follows the guidelines of STROBE (see Additional file 1). 

Analysis of non-respondents 

The possible effect of a decrease in response proportions 
on the prevalence of pain symptoms was investigated in- 
directly, since information from non-respondents was 
not available. The respondents were categorised into 
three groups based on how promptly they returned the 
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Table 1 Number of respondents (N) and response proportion (%] by survey year, gender and age 

Year 

1991 1999 2001 2003 2005 2007 2009 2011 Total 

Boys 

12-14 y N 1559 1583 1533 1447 1420 1136 1010 893 10581 

% 72 73 65 55 52 54 48 43 61 

15-18 y N 1857 2194 1613 1561 1443 1205 1205 932 12020 

% 64 64 55 55 51 43 41 31 51 

Girls 

12-14 y N 1691 1685 1831 1626 1560 1402 1313 1073 12527 

% 83 83 77 77 73 70 66 57 73 

15-18 y N 2354 2508 2069 2085 1896 1874 1838 1538 16262 

% 83 81 77 75 71 70 64 54 72 

Total 7471 8070 7045 6719 6319 5617 5515 4556 51044 

75 75 68 58 54 59 56 45 64 



questionnaire (original, first re-inquiry, and second re- 
inquiry). It was assumed that the later the person an- 
swered, the more he/she resembled a non-respondent. 
We used the years 1999, 2003, and 2011. Differences be- 
tween the three respondent groups were small and not 
systematic over the years or over the age or gender 
groups. 



Ethics 

This study follows the ethical principles of the Declar- 
ation of Helsinki; subjects were informed of the aims, 
methods, voluntary participation, privacy, and confiden- 
tiality of the collected information. The study protocol 
was approved by the The Ethics Committee of Tampere 
Region (reference "Lausunto 2/2010). 



Table 2 The prevalence (%) of neck pain alone (NP), low back pain alone (LBP), and concomitant neck and low back 
pain (NLBP) by survey year, sex, and age 



Survey year *P for linear 





1991 


1999 


2001 


2003 


2005 


2007 


2009 


2011 


trend 


Boys 
12-14 




















NP alone 


4.8 


5.2 


84 


7.9 


8.0 


8.2 


9.9 


5.9 


< 0.001 


LBP alone 


3.3 


2.5 


3.3 


3.3 


2.8 


3.0 


4.8 


3.8 


0.11 


NLBP 


1.5 


2.8 


2.5 


2.3 


3.5 


5.5 


5.5 


3.8 


< 0.001 


16-18 




















NP alone 


7.1 


9.3 


11.7 


10.4 


10.5 


9.5 


11.2 


10.7 


< 0.001 


LBP alone 


5.4 


4.6 


6.1 


6.1 


5.9 


6.1 


5.6 


5.9 


0.008 


NLBP 


4.2 


5.7 


5.0 


7.5 


8.0 


9.1 


8.5 


9.9 


< 0.001 


Girls 




















12-14 




















NP alone 


11.1 


18.2 


17.5 


15.9 


18.9 


16.8 


15.6 


18.5 


< 0.001 


LBP alone 


2.7 


2.3 


2.5 


2.3 


3.1 


3.2 


3.9 


3.0 


0.023 


NLBP 


2.0 


4.2 


4.8 


3.4 


5.1 


7.5 


6.8 


7.5 


< 0.001 


16-18 




















NP alone 


22.7 


29.2 


30.2 


29.3 


29.3 


30.9 


28.3 


29.5 


< 0.000 


LBP alone 


4.0 


3.1 


4.5 


3.7 


3.9 


3.7 


44 


3.7 


0.060 


NLBP 


6.9 


10.1 


10.9 


11.3 


13.5 


15.1 


174 


15.9 


< 0.000 



Level of significance for linear trends is shown with P-values. 
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Statistical metliods 

Descriptive values are shown in prevalence proportions 
(%) with 95% confidence intervals. Generalized linear 
models with appropriate distribution and link function 
was used to check the statistical significance of the lin- 
earity of trends in the three pain groups. The time differ- 
ence between the surveys years was taken into account. 
Relative rates were estimated by using generalized linear 
models with binomial family and log link. The preva- 
lence of neck pain alone, low back pain alone and con- 
comitant neck and low back pain in 1991 was used as a 
reference in calculating the relative risks for the pains in 
1999, and in 2011. 

Results 

Table 1 shows the number of respondents for each survey 
year by age and gender. Response proportions ranged be- 
tween 75% in 1991 to 46% in 2011 with a mean percent- 
age of 64% for all assessments combined. Response 
proportions were generally higher for girls than for boys 
regardless of age. 



Table 2 and Figure 1 illustrate the changes in the 
prevalence of neck pain alone, low back pain alone, and 
concomitant neck and low back pain from 1991 to 2011 
by age and gender. All three types of pain were more 
common among girls than boys, and among older ado- 
lescents compared to younger ones in all eight surveys. 
Neck pain alone was the most common in all age and 
gender groups in all surveys. Statistically significant lin- 
earity was observed in all trends in neck pain alone, and 
concomitant neck and low back pain, but only in half of 
the trends in low back pain alone (Table 2). However, a 
closer observation (Tables 2 and 3, and Figure 1) shows 
that the prevalence of neck pain alone increased from 
1991 to 1999 in girls and to 2001 in boys, after which 
the trend levelled off. The increasing trend in concomi- 
tant neck and low back pain continued through the 
whole study period to 2009/2011 in all age and gender 
groups. Table 3 shows the relative risks (RR) for different 
pains in 1999 and in 2011 compared to the reference 
year 1991. From 1991 to 2011 the prevalence of con- 
comitant neck and low back pain almost quadrupled 
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Figure 1 Time trends in three different types of spinal pain between 1991 and 2011; necl< pain (NP) alone, low back pain 
and concomitant NP and LBP (NLBP) in 12-14- and 16-18-year-old Finnish girls and boys. 
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Table 3 Relative risks (RR) for neck pain alone (NP), low 
back pain alone (LBP), and concomitant neck and low 
back pain (NLBP) in 1999, and in 2011 compared to the 
reference year 1991 

RR (95% CI) for pain RR (95% CI) for pain 

in 1999 compared in 2011 compared 





to 1991 (RR 1.00) 


to 1991 (RR 1.00) 


NP alone 








Boys 
12-14 


1.30 (0.97 to 1 


.75) 


1 .25 (0.89 to 1 .76) 


16-18 


1.32 (1.07 to 1 


.63) 


1.52 (1.18 to 1.94) 


Girls 








12-14 


1.64 (1.38 to 1 


.94) 


1.66 (1.38 to 2.00) 


16-18 


1.29 (1.17 to 1 


.42) 


1.30 (1.17 to 1.45) 


LBP alone 








Boys 
12-14 


0.76 (0.50 to 1 


.14) 


1.14 (0.75 to 1.75) 


16-18 


0.85 (0.65 to 1 


.11) 


1 .27 (0.94 to 1 .72) 


Girls 








12-14 


0.87 (0.57 to 1 


.33) 


1.12 (0.72 to 1.75) 


16-18 


0.77 (0.58 to 1 


.03) 


0.92 (0.67 to 1 .27) 


NLBP 








Boys 








12-14 


1.77 (1.09 to 2 


'.87) 


2.37 (1.42 to 3.95) 


16-18 


1.36 (1.03 to 1 


.79) 


2.33 (1.75 to 3.12) 


Girls 








12-14 


2.07 (1.38 to 3.10) 


3.71 (2.50 to 5.50) 


16-18 


1.46 (1.21 to 1 


.76) 


2.29 (1 .90 to 2.76) 



Calculations are based on the prevalences presented in Table 2. 



among 12 to 14-year-old girls (RR 3.7), and more than 
doubled among other groups (RR 2.4 among 12-14-year- 
old boys, and RR 2.3 among 16-18-year-oId boys and 
girls). The prevalence of low back pain alone remained 
fairly unchanged over the study period in all age and 
gender groups. 

Discussion 

The findings of the present study show a steady increase 
in the prevalence of concomitant neck and low back pain 
among adolescents over the last 20 years. Prevalence of 
neck pain alone increased only in the 1990s, whereas the 
prevalence of low back pain alone has remained quite 
stable over the past two decades. 

The strengths of the present study are its fully com- 
parable eight cross-sectional surveys over the last two 
decades allowing an exploration of time trends in a large 
and representative sample of adolescents. The symp- 
toms, across surveys, were asked at the same time of the 
year; thus, the fluctuation of symptoms due to seasonal 
variation was excluded [19]. In addition, the frequency 



of neck and low back pain during the past six months 
was assessed, so the results refer to frequent and persist- 
ent spinal morbidities (i.e., excluding occasional pain 
such as menstruation pain). Since neck and low back 
pain were asked about only with one combined question 
in 1993, 1995 and 1997, data fi-om these years could not 
be used in this study. The constant decrease in response 
proportions over the study years, especially among boys, 
is another limitation that might have had an influence 
on the reliability of the prevalence figures and estimated 
odds ratios. Information about the non-respondents 
would have been needed in order to exclude a poten- 
tial selection bias. However, we did not have any informa- 
tion about the non-respondents, but instead attempted to 
indirectly investigate its potential effect by comparing the 
three different groups of respondents on how promptly 
they had returned the questionnaire (original, first re- 
inquiry, and second re-inquiry) with an assumption that 
the later the person answered, the more he/she resembled 
a non-respondent. Although the validity of this assumption 
can be discussed, our findings did not give any support for 
a potential selection bias, with non-significant differences 
in pain prevalence between early and late respondents. 
Several other methodological issues might have affected 
the internal validity of the study. The test-retest reliability 
of the pain questions over three weeks was only moderate 
[20]. In addition, the sbc- month recall period was quite 
long taking into account the fluctuating natural course of 
at least neck pain [5], which may have led to difficulties in 
frequency classification of the symptoms. Since there was 
no pain mannequin alongside the pain questions, the neck 
pain alone group might contain those who have only upper 
back pain, and those with concomitant neck and upper 
back pain. 

To our knowledge, this is the first study presenting 
time trends for single versus concomitant neck and low 
back pain in adolescents. The increasing trend in low 
back pain in the late 20th century reported by Hakala 
et al. [1] was thus explained by the increase in concomi- 
tant neck and low back pain. The prevalence of all three 
types of spinal pain increased with age and was more 
common in girls than in boys, consistent with previous 
reports [5,21-23]. A systemic overview of the research 
literature on epidemiology of adolescent spinal pain con- 
cluded that the comparison of the studies is difficult due 
to great variety of different pain definitions and outcome 
measurements [21]. We did not find any other studies 
that used the same pain definitions and recall period 
used in our study. The only other study that has investi- 
gated the prevalence of single versus concomitant neck 
and low back pain without asking other musculoskeletal 
pain was conducted by Rees et al. [17]. They investigated 
the 1 -month period prevalence of single and concomi- 
tant neck and low back pain among 1580 (98%) 14-year- 
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old Australians in 2000s. The prevalence of neck pain 
only was 17%, back pain only 13%, and concomitant 
neck and back pain was 18% among girls. Corresponding 
proportions among boys were 14%, 17% and 9%. 

Our finding of an increased occurrence of concomi- 
tant neck and low back pain and a more constant occur- 
rence of neck pain alone or low back pain alone during 
the last two decades could be explained by at least partly 
different underlying aetiologies for the two types of pain. 
First, the increase in concomitant pain could reflect the 
changes in the contemporary adolescents' life, such as 
an increase in computer use [6], sleep difficulties [10], 
and a decrease in psychosocial wellbeing [8,9], all of 
which have been found risk factors for low back and 
neck pain [3,5,7,24-28]. The results of Rees et al. [18] 
support this hypothesis; concomitant neck and low back 
pain was associated significantly more with mental 
health problems than single neck and single low back 
pain. Second, the prevalence of neck pain alone or low 
back pain alone were fairly constant over the last 20 years, 
which could be linked to familial factors, i.e., genetic and 
common environmental factors, which remain more 
stable over time [14,15]. Future studies aimed at inves- 
tigating whether these two types of spinal pain are 
truly separate entities or whether they overlap or occur 
consecutively are needed. Furthermore, future studies 
should be aimed at understanding the factors that 
underlie the increase in concomitant neck and back 
pain, rather than factors that only underlie either neck 
or back pain. 

Conclusion 

The prevalence of concomitant neck and low back pain 
has steadily increased over the past 20 years, while the 
prevalence of neck pain alone has increased only in the 
1990s. The prevalence of low back pain alone has remained 
quite stable. Our findings suggest that the underlying aeti- 
ology for single and concomitant neck and low back pain 
in adolescents might, at least partiy, differ. Future studies 
should be aimed at investigating this hypothesis more 
closely, and especially in relation to already identified risk 
factors for adolescent neck and low back pain. 
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